Background: Evaluation of activity of Crohn's disease is based on CDAI. Several other tools have been studied to assess disease activity with more accuracy. Aims: To assess the correlation between Doppler parameters of superior mesenteric artery and disease activity and to assess the accuracy of these parameters in discriminating between active and quiescent Crohn's disease. Material and methods: We perform a prospective study including non-operated and noncomplicated Crohn's disease patients involving terminal ileum and/or right colon and sex and agematched controls. Doppler sonography of superior mesenteric artery was performed in all subjects. Results: We studied 41 patients and 15 controls. There was no statistical difference between patients and controls according to the studied US parameters. The difference in resistance index between the three groups using analysis of variance is not significant (p = 0.064). Resistance index was significantly lower in patients with active disease compared to inactive disease patients (0.82 +/− 0.04 vs 0.85 +/− 0.03; p = 0.01). Pulsatility index was also lower in patients with active disease compared to inactive disease patients (1.37 +/− 0.21 vs 1.53 +/− 0.15; p = 0.01). A value of resistance index less than 0.79 predicted active disease with a sensitivity of 35.3% and specificity of 95.7%. A value of pulsatility index less than 1.56 predicted active disease with a sensitivity of 94.1% and specificity of 43.5%. In case of resistance index less than 0.79 and pulsatility index less than 1.56 in the same patient, the probability of active disease was 86%. However, in case of resistance index over than 0.79 and pulsatility index over than 1.56, this probability was only 9%. In Crohn's disease patients, correlation study showed that resistance index value was significantly correlated with CDAI (r = −0.46; p = 0.003). Pulsatility index value was also correlated with CDAI (r = −0.39; p = 0.01). Conclusion: Doppler sonographic parameters of superior mesenteric artery are significantly correlated with disease activity in non-operated and non-complicated Crohn's disease.
Introduction
Crohn's disease (CD) is a chronic inflammatory bowel disease that commonly involves the terminal ileum. 1 The treatment and management of CD is essentially governed by the sites involved and severity of disease activity. Therefore, assessment of disease activity is a major clinical problem that has important consequences for the patient. However, there is no absolute reference method to assess disease activity and many parameters are used. The Crohn's disease activity index (CDAI), although based in part on subjective criteria, remains the most widely used index for evaluation of disease activity. 2 Neovascularization in resected specimens of small and largebowel affected by CD has been reported and this finding was confirmed by angiographic studies. These changes may indicate an increase in blood flow in inflamed segments of bowel in patients with active disease. 3 Doppler ultrasound is a non-invasive technique that allows measurement of blood flow in the feeding mesenteric arteries and even in vessels of the bowel wall. Measurement of blood flow in the superior mesenteric artery (SMA) has been proposed as an objective method of monitoring Crohn's disease activity. 4 However, other studies have focused on the correlation between SMA blood flow and CD activity, with conflicting results.
In this prospective study, we investigated various superior mesenteric arterial Doppler variables in patients with active and quiescent Crohn's disease and in healthy subjects. The aim was to assess whether there is a link between disease activity, assessed by CDAI, and blood flowmetry parameters.
Patients and methods

Patients
Between February 2007 and February 2009, patients with CD attending our department were prospectively recruited. The diagnostic of CD was made according to conventional criteria. We include patients who had CD affecting small bowel and/or large-bowel involvement up to hepatic flexura. The disease site was determined either by endoscopical or radiological investigations carried out within a period of 6 months before the time of inclusion. Exclusion criteria were previous intestinal resection and complicated CD as presence of septic collection, internal fistulae or occlusion.
Controls
The CD patients were sex-and age-matched to a control group of volunteers and asymptomatic healthy subjects without familiar history of IBD.
Methods
The disease duration and localisation were specified for all patients. The CDAI score was calculated using clinical and biological data enrolled at inclusion. Index values of 150 or less were considered representing non active disease; and values greater than 150 indicated active disease. The patients were divided into 2 subgroups as having active or inactive disease according to the CDAI. Doppler sonography evaluation of SMA was performed by the same radiologist in all included patients (KN), who was blind for the status and the disease activity. The exam was realized after minimum 12 h fasting time with a patient resting on a dorsal decubitus using a HDI 3000 ultrasound (year 2000). The used probe was a curved probe with a variable frequency (2.5 to 5 MHZ). The exam began with a morphologic study of the abdominal aorta using longitudinal and axial sections in order to localize SMA. Longitudinal section of the SMA permitted to measure its anterio-posterior diameter at 1 cm from its origin during the diastolic phase. The diastolic phase was identified by observing the expansion and relaxation of the vessel. The anterio-posterior diameter (D AP ) of the SMA was measured at three times in three different longitudinal sections. The mean of the three different anterio-posterior diameters of the SMA, expressed in cm, was calculated. Other parameters were calculated according to the following formulas:
Perimeter of the SMA = D AP × 3:14 cm expressed in cm Surface of the SMA = ðD AP = 2Þ 2 × 3:14 expressed in cm 2 In a second step, a pulse Doppler study was realized at the level of the origin of the SMA with a shooting angle inferior to 60°. Three measurements were realized allowing to obtain three spectrums. On each spectrum were calculated, after correction of Doppler angle, the maximum systolic speed (Vmax), the telediastolic speed (Vmin) and the resistance index (RI). The speeds were expressed in cm/s. Other parameters were calculated, using the mean of these measures, according to the following formulas:
Medium speedðVmÞ = ðVmax + VminÞ = 2 Pulsatility indexðPIÞ = ðVmax−VminÞ = Vm Flow rateðFRÞ = Vm × Surface of the SMA
Statistical study
Data were analyzed by the statistical softwares SPSS 11.0 and MedCalc. Comparison of quantitative values between the three groups was performed using the analysis of variance, and then, if significant differences are found, with Bonferroni's or Student t test. Qualitative values were compared by the Chi 2 test or the Fisher's exact test. Thresholds were determined by ROC curves by determination of values associated with the best combination of sensitivity and specificity. Correlation studies were performed by Pearson's r coefficient and by linear regression model between two variables. Differences were statistically significant when probability p was inferior or equal to 0.05.
Results
Characteristics of study population
We include 41 patients and 15 controls. Doppler examination of SMA was not possible in one patient and one healthy subject because of interposition of abdominal gas. Overall, our study concerned 40 CD patients and 14 controls. Twenty three CD patients were in clinical remission and 17 had active disease, attested by a CDAI over 150 points. Comparison of characteristics of the patients and the healthy subjects is represented in Table 1 .
Results of SMA Doppler sonography 4.2.1. Comparison between patients and controls
There was no statistical difference between patients and controls according to the studied US parameters (Table 2 ).
Comparison between inactive and active CD patients
The results of SMA parameters are shown on Table 2 . Differences in RI between the three groups using analysis of variance is not significative (p = 0.064). RI and PI were significantly increased in inactive CD patients compared to active CD patients. Threshold of RI and PI were determined by ROC curves (Figs. 1 and 2 Table 3) .
In case of RI less than 0.79 and PI less than 1.56 in the same patient, the probability of active CD was 86%. However, in case of RI over than 0.79 and PI over than 1.56, this probability was only 9%. 
Correlation study between RI, PI and CDAI
In CD patients, correlation study showed that RI value was significantly correlated with CDAI (r = −0.46; p = 0.003). The linear regression study showed a relationship according to the following equation: CDAI = 100 × (9.05 − 8.94 × RI) (Fig. 3) .
PI value was also correlated with CDAI (r = −0.39; p =0.01). The linear regression study showed a relationship according to the following equation: CDAI = 100 × (3.93 − 1.64× PI) (Fig. 4) .
Discussion
Our study showed a significant correlation between disease activity and sonographic parameters of SMA flow, represented by RI and IP. However, no differences were found between patients (including active or inactive) and controls.
Abnormalities of blood flow of microscopic vessels of intestinal wall are frequently observed in Crohn's disease. These abnormalities are probably the consequence of local inflammation, and therefore are more marked in active disease compared to inactive disease. 5 In fact, pathological studies have shown several vessel modifications in active CD as an intense neovascularization of the intestine associated with micro infarctions. 6 Vessels depending on inferior or superior mesenteric arteries are often dilated and tortuous in early diagnosed forms. They are narrower in diameter with low vascular density in former diagnosed forms. 7 These finding can be explained by an inappropriate angiogenesis secondary to the stimulation by BFGF which is particularly important in active CD. 8 It was recently demonstrated that endothelial αVβ3 integrin was more expressed in patients with inflammatory bowel disease compared to controls suggesting the direct pathogenic role of angiogenesis in IBD. 9 Patients with CD have alternating periods of remission and disease exacerbation that manifest in highly variable signs and symptoms. Assessment of disease of disease activity is important for clinical management. The most widely used tool is CDAI, that include seven clinical items and hematocrite level, but in clinical practice this index have several limits: it must be prospectively on seven consecutive days requiring a close patient cooperation, two items (abdominal pain and well general being) are subjective and associated with important interobserver variability. 10 Moreover, it is not reliable in structuring forms, in case of intestinal resection or stoma and cannot evaluate the perineal disease. Laboratory parameters such as ESR, CRP, and fecal calprotectine provide a more complete data on disease activity, however none of these biologic parameters can provide a fully reliable assessment of disease status in a single patient. 11 Endoscopy is important in the diagnosis of the disease and its management, but, in spite of development of new methods, ileo-coloscopy remains the only reliable tool to evaluate intestinal inflammation, therefore it is invasive and not always possible. 12 Ultrasonography combined or not with Doppler is used since many years in several steps of the management of CD. US have been introduced in the diagnosis of IBD because of its ability to detect segmental wall thickness and dedifferentiation of wall stratifications. Many authors have investigated the diagnostic value of thickened bowel wall particularly of the last ileum loop which is normally inferior to 3 mm. These studies were heterogeneous with discordant results, as well as sensitivity and specificity varied from 67 to 96% and from 67 to 100% respectively. 13 In a recent meta-analysis, thickened wall more than 3 mm allowed the diagnosis of CD with higher sensitivity Figure 3 Correlation study between RI and CDAI (linear regression) (r = −0.46, p = 0.003).
(88%) and specificity (93%). 14 However, the studies included patients with suspected and established diagnosis. So, the usefulness of US in the diagnosis of CD, as a first tool exam, is still controversial. US can also detect intestinal strictures and it is able to distinguish inflammatory stenosis from the fibrosed ones which is very helpful for the clinician. 15 It can also be useful in detecting internal fistula. It is the first exam we must perform when an intra-abdominal collection is suspected.
US combined with Doppler have been also investigated as a measurement tool of activity of CD, especially measurements of blood flow of SMA. Doppler US of the mesenteric vessels is the most reliable tool to study splanchnic and intestinal blood flow. Measurement of the superior mesenteric artery blood flow is possible in 90% of cases. 16 In our study, this measurement was possible in 96% of patients. We choose to exclude patients with previous intestinal resection because of possible anatomic changes of intestinal vascularization that can occur after surgery, and we also exclude patients with complicated CD because assessment of activity is not always done accurately by the CDAI. 10 Doppler US compared with CDAI in assessing disease activity offers some advantages: it is done in one day and it is based on objective parameters. CDAI is reliable only in the disease of small intestine without structuring, 10 but Doppler US is also useful in case of right colon involvement and in case of structuring disease.
Sonographic study of flow of SMA was performed by several authors. In most studies, a strong correlation between disease activity and Doppler parameters was found, essentially the medium speed, the resistance index and the flow rate of SMA 4, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] (Table 4) . In our study, we found a significant correlation between activity of the disease, assessed by CDAI, and RI and PI, although differences in RI between active patients, inactive patients and controls were not significant. We also showed that RI was associated with a high sensitivity in prediction of active Figure 4 Correlation study between PI and CDAI (linear regression) (r = −0.39, p = 0.01). 24 
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All 27 In our study, we don't evaluate the accuracy of PI or RI in prediction of disease flare in patients with inactive disease. However, alimentary status can interfere with results of Doppler sonography of SMA, because the flow after a meal is different. We choose to perform the sonographic exams after a minimum fast period of six hours to avoid some heterogenicity in the results.
Schreyer et al. recently evaluated a newly introduced high resolution linear transducer for vascularization and mural perfusion assessment using contrast harmonic imaging. In this study, CD patients had mural perfusion changes associated with increased mural contrast enhancement comparing to healthy controls. 28 Focus on CT and MRI was made by several authors in order to perform correlation studies with clinical activity: Comb sign was associated with active disease in some studies using CT. 29 Parietal inflammation on MRI was also correlated with CDAI and Van Hees index in selected patients with CD. 30 However, CT is an irradiant technique, and MRI is very expansive, especially in our country, offering many advantages to Doppler sonography in our point of view.
In our study, we found a significant correlation between some sonographic parameters and CDAI, as shown by linear regression. This data was not studied in previous studies mentioned above, and can lead to prospective validation of the two equations that illustrate this correlation.
In conclusion, values of RI and PI, assessed by Doppler sonography of SMA, are significantly correlated with disease activity in non-operated and non-complicated patients with CD involving terminal ileum and/or the right colon. Others prospective studies are needed in order to evaluate these sonographic parameters in prediction of relapses in patients with inactive disease.
